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Abstract  55 
The iodine status of children between the ages of 5 and 15 years has been routinely assessed in 56 
many countries, but few studies have examined iodine status in preschool children. We 57 
conducted a cross sectional study of preschool children living in Adelaide, South Australia, 58 
between 2005 and 2007. Children 1-5 years old were identified using a unique sampling 59 
strategy to ensure that the study population was representative. A 3-day weighed diet record, 60 
blood sample and urine sample were obtained from each child. The median urinary iodine 61 
concentration (UIC) of the children (n=279) was 129 µg/L indicating iodine sufficiency 62 
(normal range 100-199 µg/L) but 35% of the children had a UIC <100 µg/L. The median 63 
thyroglobulin concentration of children (n=217) was 24 µg/L and thyroglobulin concentration 64 
declined with increasing age (p=0.024). The mean daily iodine intake was 76 µg. The intake of 65 
iodine was lower than expected and highlights difficulties in accurately assessing iodine 66 
intakes. Further studies are needed to monitor dietary changes and iodine status in this age 67 
group since the implementation of mandatory fortification of bread with iodised salt in 68 
Australia in 2009. 69 
 70 
Key Words (up to 6): 71 






An adequate amount of iodine is required in the diet for the synthesis of the thyroid 76 
hormones tri-iodothyronine (T3) and thyroxine (T4) which in turn are needed for normal 77 
growth and mental development. Pregnancy is the most critical time for the development of the 78 
central nervous system because neurodevelopment is rapid during this period. The brain 79 
continues to develop after birth (Cameron 2008), hence a good supply of thyroid hormones is 80 
needed throughout childhood for optimal neurodevelopment as well as normal growth and 81 
metabolism. Although the iodine status of children between the ages of 5 and 15 years has been 82 
assessed in many countries, there are few studies worldwide that have measured the iodine 83 
status of preschool children. The diets of young children typically contain only small quantities 84 
of iodine-rich foods such as fish and seafood and dietary guidelines for children in this age 85 
group often discourage the addition of salt (including iodised salt) to home prepared and 86 
manufactured foods (National Health & Medical Research Council 2003). Given this, 87 
preschool children could be at higher risk of iodine deficiency than school-age children. 88 
Australia has a history of iodine deficiency particularly in the eastern and southern states. 89 
The introduction of iodised salt and the use of iodophors in the dairy industry were attributed 90 
to eliminating iodine deficiency in the first half of the 20th century. However, in the late 91 
1990’s, Gunton et al. (1999) reported iodine deficiency in hospital patients in Sydney with 92 
similar findings observed in subsequent studies in pregnant women (Guttikonda et al. 2002; 93 
Burgess et al. 2007) and children (McDonnell et al. 2003; Hamrosi et al. 2005;) in Melbourne 94 
and Tasmania. In 2003, a large study conducted by Li et al. of 8-10 year old schoolchildren 95 
living in five mainland states confirmed mild iodine deficiency had re-emerged in the eastern 96 
states (Li et al. 2006). To our knowledge, there have been no studies that have investigated the 97 
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iodine status of preschool children in Australia, a sub-group of the population that is often 98 
overlooked. 99 
The most commonly accepted method of assessing iodine status of a population is to 100 
determine the urinary iodine concentration (UIC) from a casual or spot urine sample, with a 101 
UIC >100 µg/L indicative of adequate iodine status. Although this cut-off has only been 102 
validated in school aged children, it is still recommended for use in younger children (WHO et 103 
al. 2007). In addition to UIC, the volume of the thyroid gland can be measured by 104 
ultrasonography, with a value > 97th percentile indicating goiter but there are no published 105 
reference values for thyroid volume in children under the age of 5 years (Zimmermann et al. 106 
2001). In addition, there is growing interest in the measurement of thyroglobulin (Tg), a 107 
sensitive biochemical index of iodine status (Vejbjerg et al. 2009) as serum Tg concentrations 108 
increase when the thyroid gland enlarges but Tg has not been routinely reported in  children. 109 
Using a combination of biomarkers including UIC and Tg, this paper reports on the iodine 110 
status of preschool children, who participated in a comprehensive survey assessing nutritional 111 
status in this age group from a representative sample of Australian children (Zhou et al. 2012). 112 
 113 
Subjects and Methods 114 
This was a cross-sectional study of a representative sample of children living in Adelaide, 115 
South Australia, conducted between September 2005 and July 2007. Demographic data, a 3-116 
day weighed diet record, blood sample and urine sample were collected from each child. The 117 
study received ethical approval from the Human Research Ethics Committee at the Women’s 118 
& Children’s Health Network, Adelaide, South Australia. The nature of the study was fully 119 
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explained to the caregivers of the children and informed written consent was obtained from all 120 
caregivers.  121 
There were 2132 Census Collection Districts (CCD) in Adelaide, each containing 220 122 
dwellings. Each CCD was assigned an Advantage-Disadvantage Index by the Australian 123 
Bureau of Statistics as an index of socioeconomic status (SES); these were stratified to low, 124 
medium, and high SES. A stratified random sampling technique was used to select CCDs to 125 
obtain a representative population sample, using a door-knocking protocol (Karr et al. 1996; 126 
Soh et al. 2002). In brief, an address start point and direction was randomly determined for 127 
each identified CCD. From each start point, two trained research assistants knocked on the 128 
doors of households to identify if there was a child aged between 1-5 years in the household. If 129 
no one was home, households were visited up to three times on a different day (including a 130 
weekend day) and at different times from the previous visits. CCDs from each of the SES strata 131 
were visited according to the random selection until the required number of children (n=100) 132 
from each SES strata was obtained. Children were excluded if they were diagnosed with 133 
congenital or metabolic disorders (e.g. diabetes mellitus, cystic fibrosis) that required 134 
specialised dietary intervention, or were hospitalised in the last 6 months before the study, or 135 
were immunosuppressed. If more than one child was eligible per household, the one with the 136 
earliest birth date was selected to participate in the study. Consenting families were asked to 137 
attend a clinic appointment with their child for assessment. 138 
The weight and length/height of each child, wearing light clothing without shoes using 139 
standardized procedures (WHO 2008), was measured during the clinic appointment. Weight-140 
for-age (WAZ) and weight-for-height Z-scores (WHZ) were calculated using WHO ANTHRO 141 
2005 software version 3 (WHO Geneva, Switzerland). 142 
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Parents were asked to complete 3-day weighed record of their child’s food intake on 3 143 
consecutive days, including one weekend day. Parents were given detailed instructions on how 144 
to complete the food record and were provided with sample food diaries as examples. Parents 145 
were supplied with a weighing scale and metric cups and spoons, and were asked to measure 146 
and record everything their child ate and drank during the study period, both in the home and 147 
away from home. For dishes made at home, detailed recipes were obtained, and for commercial 148 
packaged foods, brand name was recorded and packaging retained to check for nutritional 149 
composition. Parents were instructed to weigh and record the amount of food and drink served 150 
to the child as well record the weight of any uneaten food, which was subtracted from the 151 
served amount to obtain the actual amount eaten. Completed diet records were collected from 152 
homes and checked by a dietitian. Phone calls were made to clarify any ambiguities or missing 153 
information. Food records were entered and analysed using a dietary analysis package 154 
(FoodWorks Professional, Xyris Pty Ltd, QLD) with the NUTTAB 2006 database (Food 155 
Standards Australia New Zealand 2006) included in the software. Iodine contents of foods that 156 
are the main sources of dietary iodine in the diets of preschool children including eggs, dairy 157 
products and seafood were obtained from the NUTTAB 2006 database.  Some foods such as 158 
biscuits and other non-core foods in the NUTTAB 2006 database did not contain iodine values 159 
and the iodine contents of these food items were substituted using values from the New 160 
Zealand Food Composition Database (Crop & Food Research 2006), an approach used by 161 
Food Standards Australia New Zealand to assess iodine intake of Australian for Mandatory 162 
iodine fortification (Australian Institute of Health and Welfare 2011). For foods that were of a 163 
similar nature, the same iodine content was used for each food.  164 
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A non-fasting blood sample was obtained from each child via venepuncture by a trained 165 
paediatric phlebotomist. Blood samples were processed within 3 hours of collection and serum 166 
samples were stored at -80oC before being couriered with dry ice to the analytical laboratory 167 
for testing. The concentration of serum Tg was determined using a radioimmunoassay by 168 
EndoLab, Christchurch Hospital, Christchurch. The Tg assay has an analytical detection limit 169 
of 0.1 µg/L and accuracy checked using CRM 457 (Institute for Reference Materials and 170 
Measurement, Geel, Belgium). The inter-assay CV was 25% at 0.2 µg/L, 8% at 40.4 µg/L, and 171 
5% at 333 µg/L. Intra-assay CVs were 5% at 0.2 µg/L, 2% at 40.4 µg/L, and 2% at 333 µg/L. 172 
Samples were screened for serum antibodies to Tg (TgAb) as these antibodies can interfere 173 
with serum Tg determination.  174 
During the clinic appointment, the parents of toilet trained children were asked to take 175 
children to the toilet and collect a sample of urine. For children who were not toilet trained, a 176 
urine sample was collected via a paediatric collection bag (Liberty, Implex Pty Ltd, Heathcare 177 
SA) in situ. If a urine sample was unable to be obtained during the clinic appointment, parents 178 
were instructed to collect a urine sample at home and place the sample in a fridge, which was 179 
collected within 3 weeks. For all children, 5-10 mL of urine was then decanted into a 50 mL 180 
sterilized urine collection container and stored at -20 oC until analysis. 181 
Urine samples were sent by courier to the Department of Human Nutrition, University of 182 
Otago, and analysed (Y.Z.) using a modification of the method of Pino et al (Pino et al. 1998). 183 
A certified urine standard sample (Seronorm, Sero AS, Asker, Norway) and an internal pooled 184 
urine sample was included with each batch of urine samples in the analysis. The mean 185 
concentration of Seronorm was 139µg/L (95% CI: 133, 145µg/L) compared with the certified 186 
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value of 141µg/L (95% CI: 132, 150µg/L). The coefficient of variation for the Seronorm and 187 
pooled urine sample was 4.2% (n=74) and 4.7% (n=70), respectively. 188 
Stata 11.1 (STATA Corporation, College Station, Texas, USA) was used for statistical 189 
analyses. Children were divided into four age groups: 12-24 months, >24-36 months, >36-48 190 
months, >48-60 months for all analyses. Descriptive statistics, including median and 191 
interquartile range (IQR), were used to summarize UIC and Tg. UIC was log transformed to 192 
improve normality for subsequent statistical analyses. Univariate regression was conducted to 193 
assess the association between UIC and age, sex, WHZ, SES, total energy intake and iodine 194 
intake. Any variable with a p < 0.20 in the univariate model was included in the multivariate 195 
model to examine predictors of UIC. Univariate regression was also undertaken to identify 196 
food groups that contributed to iodine intake, and those food groups with a p < 0.20 were 197 




A total of 13,272 households were visited from 54 CCDs and 9,464 households answered 202 
the door. There were 573 eligible children from the 54 CCDs visited and 300 children, 100 203 
children from each SES strata, consented to take part in the survey. Diet records were obtained 204 
from 297 children, however, 8 were excluded because the child was still breastfed and it was 205 
not possible to estimate the quantity of breast milk consumed. Urine was collected from 279 206 
children and serum samples were available for Tg determination from 217 children. There was 207 
complete data on dietary intake, UIC and Tg for 202 children. Of these children, 96% were 208 
born in Australia, 48% were first born, 52% were boys, and their mean (SD) was 0.54 (0.98) 209 
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for WAZ and 0.71 (0.99) for WHZ, respectively. There were no significant differences 210 
between children with or without complete data with regard to gender (p=0.547), SES 211 
(p=0.680) and UIC (p=0.453).   212 
The median UIC (IQR) for the children was 129 (78 to 202) µg/L, 35% of children had a 213 
UIC below 100 µg/L and 11% had a UIC above 300 µg/L, which indicates that these children 214 
were iodine sufficient and iodine intake was adequate but not excessive (WHO et al. 2007). 215 
Univariate and multivariate linear regression found that only dietary iodine was significantly 216 
associated with UIC (Table 2), such that every 10 µg increase in the intake of dietary iodine, 217 
increased UIC by 4%. The median (IQR) Tg concentration was 24 (16, 35) µg/L and 96% 218 
(208/217) of children had a Tg concentration >10 µg/L. Tg concentration declined with 219 
increasing age (p=0.025) (Table 1). Only 1 child tested positive for Tg-Ab.  220 
The mean daily energy intake of the children was 5142 (95% CI: 4992 to 5293) kJ and 221 
energy intakes increased with age (p<0.001) as follows: 4421 (95% CI: 4187, 4656) kJ/d for 222 
12-24 months , 5051 (95% CI: 4787, 5315) kJ/d for >24-36 monhs, 5264 (95% CI: 4969, 5559) 223 
kJ/d for >36-48 months, and 6029 (95% CI: 5734, 6324) kJ/d for >48-60 months . The energy 224 
contribution as a percentage from carbohydrate, fat, and protein was 49 % (95% CI: 48, 50), 34 225 
% (95% CI: 33, 35), and 17 % (95% CI: 17, 18), respectively. The mean daily iodine intake 226 
was 76 (95% CI: 73, 80) µg and iodine intakes declined with age (p=0.003) as follows: 84 227 
(95% CI: 76, 90) µg for 1-2 years, 78 (95% CI: 71, 85) µg for 2-3 years, 71 (95% CI: 64, 78) 228 
µg for 3-4 years, and 71 (95% CI: 63,78) µg for 4-5 years.  The main sources of dietary iodine 229 





This is the first study to assess the iodine status of preschool children in Australia and one of a 233 
handful of studies worldwide involving this age group (Delange et al. 2001; Pouessel et al. 234 
2003; Heydon et al. 2009). The median UIC of 129 µg/L and less than 50% (i.e 35%) of 235 
children with UIC <100 µg/L indicates adequate iodine status in these children according to the 236 
WHO/UNICEF/ICCIDD criteria. The iodine status of a representative sample of Australian 237 
school children aged 8-10 year old living in the same state (i.e. South Australia) was reported 238 
to be 101 µg/L (Li et al. 2006). The higher UIC observed in our children may reflect higher 239 
dairy product consumption in younger children, a variable found to be significantly associated 240 
with UIC. The consumption of dairy products has been shown to decline with age in Australian 241 
children (Department of Health and Aging et al. 2008). 242 
The overall concentration of Tg in these children (24 µg/L) and the 26 µg/L observed in 12-243 
24 month olds was lower than a median Tg of 35 µg/L reported in 12-24 month old Canadian 244 
children, a population classified as iodine sufficient (Djemli et al. 2004). There are no 245 
recommended cut-offs for Tg to classify iodine status of children. However, the normal 246 
reference range for Tg concentration in children 5-14 years old is 4-40 µg/L (Zimmermann et 247 
al. 2003). A low UIC (i.e. <100 µg/L) can increase thyroid volume and subsequently the 248 
concentration of Tg. A median UIC <100 µg/L and a median Tg concentration >10 µg/L have 249 
both been set as indicators of iodine deficiency (WHO et al. 2001). As these indices have only 250 
been validated in school-age children, this may explain the discrepancy between a median UIC 251 
that classifies the children in our study as iodine sufficient, but a Tg concentration that 252 
categorises the children as iodine deficient. We did find that Tg concentration declined with 253 
age and a similar finding has been observed in Canadian children aged 0-17 years (Djemli et 254 
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al. 2004). If Tg concentration is to be used as an index of iodine status, the development of 255 
age-specific cut-offs to categorise iodine status are needed.  256 
It is difficult to accurately assess iodine intake and as a result few studies have measured 257 
iodine intakes for a number of reasons. Firstly, the contribution of iodine from iodised salt, 258 
used at the table or in cooking, is difficult to estimate. Secondly, many national food 259 
composition databases (e.g. USA) do not include information on the iodine content of foods. 260 
Thirdly, even within the same country, varying soil iodine contents, practices in food 261 
processing (i.e. use of iodates in bread or iodophors in the dairy industry) and animal rearing 262 
(i.e. use of iodised salt licks or iodine supplemented feeds) can result in fluctuations in the 263 
iodine content of foods. The children in this study had energy intakes that met 264 
recommendations for this age group (Department of Health and Aging et al. 2006) and the 265 
percent of total energy from macronutrients were within the Acceptable Macronutrient 266 
Distribution Range (Institute of Medicine 2005). The iodine intake, however, was lower than 267 
the 2007 Australian Children’s Nutrition Survey, the only other Australian study that has 268 
assessed iodine intake of preschool Australian children; the survey,reported that 24-36 month 269 
old children had an iodine intake of 126 µg/day (Department of Health and Aging et al. 2008),  270 
however, no biomarkers of iodine status were included in the 2007 Survey. The discrepancy in 271 
iodine intake between our study and that reported in the 2007 Children’s Nutrition Survey is 272 
likely due to a number of factors. The different dietary assessment methodologies between the 273 
2007 Children’s Nutrition Survey (24 hour recall) and our study (3-day weighed food record) 274 
may partly contribute to the discrepancy as 24 hour recalls have been shown to overestimate 275 
energy intake of infants and toddlers compared with 3-day weighed food records (Fisher et al. 276 
2008). We did not collect information on iodised salt use in cooking or at the table, which may 277 
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have also contributed to the lower iodine intake, however, widespread use of iodised salt was 278 
uncommon in Australia at the time of study. In addition, the NUTTAB 2006 Australian food 279 
composition database, the most up-to-date database available at the time of the study, was used 280 
to determine iodine intakes in our study, while the 2007 Children’s Nutrition Survey used a 281 
modified food composition database specifically developed for use in the 2007 Survey. 282 
Furthermore, in some instances foods missing from the 2006 Australian food composition 283 
database were replaced with foods from the 2006 New Zealand food composition database, 284 
which typically would have lower iodine content because New Zealand has lower soil iodine 285 
content than mainland Australia. A comparison of the same foods in the 2006, 2007, and 2010 286 
Australian databases shown in Table 3, illustrates how national databases can change with 287 
regard to iodine contents in food within the same country (FSANZ 2006; FSANZ 2007; 288 
FSANZ 2010), but also highlights the differences in iodine contents of foods between countries 289 
including New Zealand (Crop and Food Research 2006) and the UK (Food Standards Agency 290 
2002).  291 
 In response to concerns about the re-emergence of iodine deficiency in Australia, the 292 
addition of iodised salt to most commercial bread products became mandatory in 2009. 293 
Australian preschool children consume ~60-80 g/day of bread and bread products (Australian 294 
Bureau of Statistics 1999). We estimate that the consumption of fortified bread would increase 295 
the median UIC in these preschool children from ~130 µg/L to ~160 µg/L, still within 100-199 296 
µg/L range considered a safe, adequate intake of iodine. However, we also estimate that bread 297 
fortification will increase the percentage of children with UIC > 300 µg/L, a level associated 298 
with excessive intake of iodine, from ~10% to ~14 % in this study population.  Thus, the 299 
addition of iodine to foods in Australia needs to be monitored, as there is growing evidence 300 
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that iodine excess (i.e. UIC >300 µg/L) can be also associated with adverse health effects such 301 
as hypothyroidism (Laurberg et al. 2006). The Tolerable Upper Limit (UL) intake for iodine in 302 
Australia is 200 µg/day for 1-3 year old children and 300 µg/day for 4-8 year olds (Department 303 
of Health and Aging et al. 2006). Concern that some children would exceed the UL was the 304 
primary reason that iodine fortification was limited to breads rather than being added to a 305 
number of other staple foods (FSANZ 2008).  306 
The strengths of this study were the use of a door-knocking strategy to identify a 307 
representative sample of children, and the collection of both biochemical and dietary measures 308 
of iodine status. Based on UIC, these preschool children had adequate iodine status, and the 309 
accompanying Tg data provides information on Tg concentration in iodine sufficient preschool 310 
children for future reference. The iodine intake of the children was lower than expected and 311 
highlights the inherent difficulties in assessing dietary iodine, particularly with regard to the 312 
iodine content of foods in food composition databases. Despite this limitation, it is important to 313 
measure iodine intakes in order to identify foods and food groups that are good sources of 314 
iodine in the diets of preschool children, as changes in dietary patterns do occur which may 315 
impact on iodine status. The mandatory fortification of bread with iodised salt means that bread 316 
and bread products are now likely to make the largest contribution to total iodine intakes in 317 
preschool children. Further studies are needed to monitor dietary changes and iodine status in 318 





• Preschool children are often overlooked in surveys assessing iodine status, despite 
their relative high dietary requirements for iodine.  
• Our study indicates adequate iodine status in preschool children prior to mandatory 
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